Background The association between income inequality and health has been analyzed predominantly in developed countries with modest levels of inequality. The study aimed to analyze the association between income inequality and self-reported health (SRH) in the adult population of the 27 Brazilian capitals.
Introduction
Income inequality has increased for most countries during the last decade. 1 Despite a recent decrease, Brazil still ranks among the countries with the highest Gini Coefficient, especially within the Americas.
2 Recent economic trends indicate that income inequality will remain a fast-growing challenge for all developed and developing countries during the next decades. 3 The association between income inequality and worst health has been analyzed predominantly within developed countries with modest levels of inequality, and most of the findings indicate income inequality associated with increased odds for worse self-reported health (SRH). [4] [5] [6] [7] For developing countries with high inequality, however, studies have observed inconsistent findings. Two analyses on mental health, one in South Africa 8 and another in Mexico, 9 did not find a significant association between income inequality and depressive symptoms, the same result observed in China when the risk of having health problems was analyzed. 10 On the other hand, an ecological study by Rasella et al. 11 found that income inequality of Brazilian states was negatively associated with average life expectancy.
SRH is a robust indicator to assess the health status of populations. 12 This subjective measure of health conditions is considered to indirectly take into account aspects not accounted by other instruments, such as psychological and social factors. 13 SRH is considered an important indicator of morbidity and mortality, 14 and has recently been found to be the best predictor for all-cause mortality when compared to 655 different demography, health and lifestyle variables.
Recent trends on income inequality, and its potential deepening due to further progressions in the automation of the labor force, 3 encourage new studies on the social determinants of health and the influence of contextual factors, especially in countries with historically marked social inequalities such as Brazil. However, studies that investigated the association between income inequality and SRH after controlling for area-level socioeconomic characteristics are still scarce in developing countries. Thus, multilevel studies that consider the influence of both individual and contextual factors on health are needed to identify the relationship between arealevel income inequality and SRH. The present study addresses these gaps by analyzing the association between income inequality and SRH in the adult population of the 27 Brazilian capitals, after controlling for individual factors and area-level socioeconomic characteristics.
Methods

Data
The study used data from the National Health survey, a representative multi-stage probabilistic sample of Brazilian adults aged 18 and older. The survey was carried out in 2013 and the sampling process aimed to be representative for the country, Brazilian states and capitals. Data were obtained from a household questionnaire that collected information on socioeconomic characteristics, use of health services, SRH, presence of chronic diseases and lifestyle. 16 The National Health survey was coordinated by the Brazilian Institute of Geography and Statistics (IBGE) and was approved by the National Research Ethics Committee (Case No. 328.159/2013) of the National Health Council.
Variables
The dependent variable was SRH. The participants were asked to self-rate their health in a classification scale consisting of very good, good, regular, bad and very bad. In a recent study, 15 this measure was found to be the strongest predictor of 5-year all-cause mortality when compared to more than 600 other variables, indicating that a self-reported information can be an important health status indicator. For the purpose of this study, as used in other surveys that assessed health through this measure, SRH was subsequently categorized into two response categories: good health (regular, good and very good classifications) and poor health (poor and very poor classifications). 17 At the individual level, the variables included as controls were gender, age (categorized into 18-24, 25-39, 40-59 and 60 or more years), race (white, mixed, black and others), education attainment (categorized according of the total number of years of formal education into incomplete elementary school, complete elementary school, complete high school and some college or more), marital status (with or without partner), smoking and the presence of hypertension, diabetes, hypercholesterolemia and depression.
At the contextual level, socioeconomic indicators were calculated using data from the 2010 Census for each of the 27 Brazilian capitals (including the Federal District), each with an average population of 1 237 902, totaling 33 423 348 adult residents in Brazilian capitals. The main exposure of interest was income inequality, measured by the Gini Index. The Gini Index is based on the Lorenz cumulative frequency curve, and it ranges from 0 (perfect equality) to 1.0 (perfect inequality). Details of its calculation method have been described elsewhere. 18 Additional contextual covariates analyzed were illiteracy rate, violence and per capita income. Age-adjusted homicide rate was used as a proxy for local violence, with data provided from the Mortality Information System from the Ministry of Health of Brazil. Because of non-linearity, all the contextual variables were divided by tertiles and categorized into low, medium and high.
Statistical analysis
Multilevel logistic regressions were used to analyze the association between income inequality and SRH in order to control for the clustering within the capitals of residence and to test for individual and area-level characteristics. The intraclass correlation coefficient (ICC) was estimated to quantify the proportion of variance in SRH that could be explained at the contextual and individuals levels. The first level of the models referred to individual characteristics and the second level to the socioeconomic characteristics of the capital of residence. The model parameters were estimated with Bayesian multilevel models, a recommended approach to decrease bias in multilevel analysis with dichotomous outcomes, and which allows the comparison of model fit by comparing the values of Bayesian Information Criterion (BIC) of the individual models. 19 We also tested the crosslevel interaction between gender and income inequality using an interaction term in the multilevel analyses to determine if the association between income inequality and SRH differed between men and women.
The analyses were performed with Stata V13.1 (Stata Corporation, College Station, TX, USA, 2013). The descriptive statistics of the socioeconomic characteristics, lifestyles and presence of chronic diseases were performed using the survey mode procedure, considering the sampling weight and individual clustering (secondary sampling units) within census tracts (primary sampling units), due to the complex sample design. Multilevel analyses used the gllamm command, which allows the inclusion of weights for complex sample designs.
Results
Sample characteristics
The sample consisted of 27 017 individuals of both sexes, aged 18 years or older, residing in one of the 27 Brazilian capitals (including the Federal District) in 2013. Descriptive analysis of socioeconomic characteristics indicate that most of the individuals were female (55%) and lived without a partner (56%). A little less than half of individuals (48%) were younger than 40 years, 34% were aged 40-59 years and 18% aged 60 years or older. Regarding race, 47% reported being white and around half being mixed or black (41% mixed and 10% black). As for education attainment, less than a quarter of individuals reported not having completed elementary school (24%), and more than 60% had completed at least high school (Table 1) .
Regarding lifestyle and the presence of chronic diseases, most individuals never smoked (71%), and of those with a smoking history, 16.5% were former smokers and 13% current smokers. Of the total sample, 4.5% reported poor health. The prevalence of hypertension and diabetes were 20.5 and 7%, respectively, and a previous diagnosis of depression was reported by 7% of the population (Table 1) .
Descriptive analyses of the contextual characteristics indicated high levels of inequality among the 27 Brazilian capitals. The income inequality range, as measured by Gini index, varied from a low of 0.54 to a high of 0.69.
Bivariate associations with SRH
We found a statistically significant association of poor SRH with socioeconomic characteristics, except for marital status. More specifically, a significantly higher presence of poor SRH was observed in women in comparison to man, among higher age groups and among individuals with low education attainment ( Table 1) .
Smoking and presence of chronic diseases were also associated with poor SRH. Those with a smoking history had higher poor self-rated health in comparison with never smokers. We also observed a higher presence of poor SRH between those with chronic diseases (Table 1) .
Multilevel regression models
Multilevel modeling was applied to analyze the association between income inequality and SRH, while adjusting for individual and contextual factors. Regarding income inequality, those living in the medium (OR = 1.31, 95% CI: 1.17-1.47) and high income inequality level (OR = 1.39, 95% CI: 1.24-1.56) presented higher odds for poor SRH, even after controlling for individual characteristics. When a sex × income inequality interaction was included, no significant differences were observed between men and women regarding SRH (results not shown). Table 3 presents the results for the association between income inequality and self-rated health after controlling for other contextual socioeconomic characteristics. Higher income inequality (medium and high) remained significantly associate with poor SRH. A significant higher odd of poor SRH was also observed among those living in areas with medium and high illiteracy levels (OR = 1.09, 95% CI: 1.01-1.18 and OR = 1.53, 95% CI: 1.40-1.67, respectively). Similar results were obtained for area-level violence, both for medium (OR = 1.54, 95% CI: 1.42-1.66) and high violence levels (OR = 1.66, 95% CI: 1.51-1.81). On the other hand, income was negatively associated with higher odds of poor self-rated health, for areas with medium (OR = 0.68, 95% CI: 0.62-0.76) and high (OR = 0.43, 95% CI: 0.37-0.48) per capita income.
Discussion Main finding of this study
The present study highlights the association between arealevel income inequality and SRH among adult residents of Brazilian capitals. At the individual level, female gender, advanced age, low education attainment, living without a partner and having hypertension, diabetes or depression were statistically associated with higher odds of poor SRH. At the contextual level, in comparison with those who live in the lowest income inequality areas, living in areas with higher income inequality was significantly associated with poor SRH, even after controlling for individual variables and other contextual socioeconomic characteristics such as illiteracy rate, violence and per capita income.
The association found between self-rated health and income inequality brings new insights to the international literature on social determinants of health by analyzing a large and representative sample of adults living in 27 capitals of a developing country with very high levels of inequality.
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What is already known on this topic
An important discussion in the literature concerns the influence of income inequality across different levels of area aggregation. Studies where smaller aggregation scales were analyzed, such as neighborhoods, have provided consistent evidence on the relationship between contextual factors and health outcomes. 20 However, the results of cross-country studies are still not robust, possibly due to the distance of the place of residence to the extremes of income distribution, and the difficulty in comparing data with restricted variability in income distribution from developed countries with data of greater income variability from developing countries. 21 The explanation for how income inequality may influence population health is still an open area of debate. One of the most influential theories, originally put forward by Wilkinson, 22 argues that income inequality affects health directly, and is robust to controls for individual and contextual factors. Our results point to this direction, suggesting that the negative effect of income inequality on health are not necessarily mediated by individual characteristics, such as race and socioeconomic factors, 23 nor other contextual characteristics, when measured in a society with large and persistent social inequalities.
What this study adds
To the best of our knowledge, this study is the first to analyze the association between self-rated health and other contextual characteristics of Brazilian capitals besides income inequality, such as illiteracy and violence rates, after considering the influence of the individual characteristics. We found statistically significant associations between selfrated health and area-level illiteracy rates. In comparison with those living in the areas with lower illiteracy rates, living in areas with medium and high levels of illiteracy was associated with poor SRH on our adjusted model. Although individual education attainment has been frequently shown to influence individual health, 24, 25 not much is known about the association between area-level education and health outcomes in Brazil. New studies should analyze this further, possibly by considering other factors that may mediate the triangular relationship between illiteracy, income inequality and health, such as the unemployment rate, 26 especially in countries with marked social inequalities.
Our findings also show that individuals are more likely to have poor health in areas with higher violence rates, even after adjusting for individual factors and area-level income inequality. In addition to higher income inequality being detrimental to social cohesion 27 and social isolation, 28 fear of area violence may exacerbate these feelings, which may then lead to an even worse health condition. [29] [30] [31] Although factors such as social cohesion and isolation were not directly tested in this study, the results are consistent with the theory that the effects of income inequality on health may extend to other problems of the social gradient. 7 
Limitations of this study
The interpretation of these findings should consider its limitations. First, the sample is representative of the adult population residing in the 27 Brazilian capitals, so one should not draw conclusions for the other areas of the country. Second, the use of cross-sectional data results does not allow the establishment of causal inferences, and need to be interpreted as associations. Third, despite having a relatively acceptable response rate (86.0%), the possibility of response bias cannot be ignored.
Conclusions
Our study highlights the importance of contextual characteristics associated with SRH. Our findings suggest that income inequality may be a detrimental factor on self-rated health, even when the effects of individual and other area-level factors are considered. New knowledge of the association 
